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Experiments  demonstrating  the  generation  and  recirculation  of  a  high-current 
low-emittance  electron  beam  through  the  terminal  of  a  Van  Degraph  tyjse  accelerator  • 
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RESULTS  or  THE  UCSB  FEL  ELECTRON  BEAM  RECIRCULATION  EXPERIMENT 

L-  ElMa.  C.  Ramian 

Qaantom  loatitata,  Uoivaraiey  of  California.  Santa  Bartiara 


Abatract 


Eaparijnanta  damoaatratiaf  tha  ganaratloa  and  raeireniation  of  a  high-carrant  low-amittaaca  aiactroa  baam 
through  tha  tarminai  of  a  Van  Oagraph  typa  aeealarator  ara  daacribad.  Beam  amittanca  approachiag  tha 
thaoraticai  for  a  tharmiooie  eathoda  «aa  aefaiavad  and  a  racireuiatton  larai  of  96?<  «aa  obaar^ad. 


Introduction 


Tha  UCSB  Fraa  Slactron  laaar  projact  haa  tha  objactiva  of  producing  high  afficiaocy  tuaabia  eoharant 
radiatiaa  toureaa  luitabia  for  teiantifie  raaaareh.  Initially,  a  aiagla  ataga  aubmilliznatar  davica  (currantly 
uadar  eonatruction)  and  aaantuaily  a  tma  ataga  davica.  whoaa  paramatara  ara  shown  in  tabla  1 ,  will  ba  built- 
A  uaiqua  faatura  of  both  davicaa  ia  tha  racircolatioo  of  an  aiactron  baam  through  a  Van  Oagraph  typo 
aeealarator. 


Tabla  I .  UCSB  FEL  Paramatara 


Siagla  Staga  Two  Staga 

Pump  Laaar 


Waveiangth 

380  microns 

600  mierona 

1  nderoa 

Output  power 

18  KW 

10*-  lO^watta/cm^ 

-1  KTT 

Efficiency 

50% 

507. 

1% 

Period 

3.6  cm 

20  cm 

600  microns 

No.  Periods 

160 

10 

1000 

Interaction  length 

5.T  M 

2M 

.6M 

PaaJc  magnade  field 

500  gaosa 

20  gauss 

200-500  gauss 

S.  Baam  energy 

3  MET 

6  MEV 

6  MEV 

E.  Seam  currant 

2  amp 

20  amp 

20  amp 

E.  Beam  AE/E 

<.3% 

<2.5% 

<  .  057. 

E.  Baam  transvarae 

<  I5ir  MM-MR 

<43  y  MM-MR 

<4.3yMM-MR 

Emittanca 

(<  100  norm.  1 

(<  550  norm. ) 

(<56  aorm. ) 

E.  Baam  max  radius 
ia  wlgglar  (T  plana) 

2 . 5  mm 

2.5  mm 

2.  5  mm 

From  ita  incapeiaa.  ^tha  luecaaa  of  tha  program  waa  racogniaad  to  ba  dat^odaot  on  tha  ganaratloa  of  an 
aiactron  beam  naaatiag  ralativaly  savara  roquiramanta .  Soma  aariy  stadlaa**  avon  tuggoatad  tha  asdatanca 
of  fondamantal  Ilmita  on  tha  quality  of  baam  attaiaabla  at  high  enrronta  that  would  hava  impoaad  savara  ra- 
strletiona  on  tha  iaaara  wa  waro  propoaiag  —  aapacially  tha  two  stage  laaar  whara  tha  roquiramanta  for  low 
amittaaca  and  enargy  spread  ia  particularly  savara. 

It  waa  charafora  logical  to  perform  our  first  exparimaota  with  tha  gaoaration  and  racireulation  of  an 
aiactron  baam  bofora  attampeiag  actual  laaar  oparadoa. 


Ejcnarimantal  Apparatus  - 

X 

Figure  1  is  an  Uluatration  of  tha  axparimantal  apparatus  uaad  during  a  sarias  of  axparimanta  pertormad  ^ 

batwaan  May  of  1981  and  August  of  198Z.^  Thasa  axparimanta  wars  conductad  at  tha  facilitias  of  National  L 

Electrostatics  Corporation  in  Middlaton.  Wlaconsin  using  a  tast  accelerator  modifiad  for  our  purposes.  ^ 

Basically  this  aeealarator  consists  of: 

•  A  praasura  vassal  containing  SO  PSl  of  Sulfur  Maxaflaorida  as  an  insulating  gaa.  Thii  permits  aiactric 
flaids  up  to  100  KV/CM. 

•  A  poUshad  Aluminum  tarminai  shall  on  which  charge  ia  stored  up  to  3  million  volts  potential.  . 

-  A  sat  of  pallatroo  chains  that  carry  charge  up  to  tha  tarminai  at  a  rate  up  to  400  micro>amps . 
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riqoEa  1.  OpsTlaantaL  Sac-«](i. 


•  A  j«nar>tor  within  tha  taraianX  drlvan  by  a  rotstlac  plnatic  thn/t  and  a  30  hp  motor  proaidlag  up  to  20 
klXO'watta  at  powar. 

-  A  pair  ot  aeeaiarstor  tnbaa,  ona  at  which  ia  uaad  aa  a  dacalarater. 

At  tha  top  at  ana  tuba  la  an  aiactron  gun.  It  itaaa  a  diapaaaar  eatheda  ia  a  low  araa  compraaaioa  Piarea 
gaomatry  It  aiao  haa  aa  apartora  coatrel  aiactroda  coaaactad  to  a  high  Toltaga  pniaa  gaaarator  for  poiaad 
oparatioa.  Tha  goa  daaiga  waa  dona  by  wUUam  Harrmaaaaiaidt  of  S.1..A.C..  who  azpaadad  coaaidarabla 
aifort  in  opciauaing  ita  propartlaa.  Hla  uaa  at  earafoily  shapad  aiactredaa  and  rmnimum  focuaaiag  fiaida 
ailmiaatad  moat  of  tha  apharleal  abbaratlea  aormally  praaaat  ia  Piarea  goaa .  Conatroerioa  and  taatiag  of 
tha  gua  wara  doom  by  Hogbaa  Raaaarch.  Taata  parformad  oa  thair  goa  taat  atand  ihow  a  aormaiizad 
amittanea  of  laaa  than  12yMM>MR. 

Aftar  accalaratloB.  a  aolaaoid  and  drift  ipaea  prowida  phaaa-tpaea  matehiag  to  aa  achromatic  traaaport 
lyatam  that  toraa  tha  baaat  through  180  dagraaa  and  ratnraa  it  to  tha  dacaiarator  tuba.  Aftar  dacalaratioa 
it  ia  racaivad  by  a  maiti>ataga  coUactor  daaigaad  by  Richard  Hachtal  of  Litton  Indviatriaa.  Tha  eoUactor 
piataa  ara  oparatad  at  varioua  poaitlra  potaatlaia  with  raapact  to  tha  cathoda.  Powar  from  tha  gaaarator 
ia  uaad  through  tha  eoUactor  powar  snp^y  to  booat  tha  alactrona  back  to  cathoda  potaatiai.  thua  making  up 
tha  aaargy  loat  from  tha  baam. 

3aam  diagaoatics  coaaiat  of  fluoraacaat  aeraana  and  profUoaiacar  wiraa  at  strategic  locatioaa  around 
tha  baatn  lina. 


Tarrqinal  potastiai  1«  moniterad  by  capacitlva  pickup  plataa  leeatad  »  tha  praaaora  tank  tidawaUa  asd 
eoanactad  to  eharga  aaaaitiva  ampUflara .  By  monitori^  tha  tixna  darivativa  ot  tarnaaai  pocaatiai.  tarm- 
iaal  eharga  and  hanea  eoUactloa  ailieiaaey  caa  ba  daCarmiaad  with  a  high  dagraa  oi  accuracy. 


RjguU^ 

rigura  2  thowa  photographa  takaa  dnriag  racireulatioa  oparattoo.  Tha  first  photograph  ahoara  aigaala 
from  tha  capacitiva  pickups  that  raproaaat  tartalaal  potaatiala.  Tha  uppar  traca  shows  tha  chaaga  ia 
tarmiaal  potanrtai  dnriag  pulsiag  with  tha  alactroa  baam  physically  iatarruptad.  Tha  lowar  traca  shows 
tha  potaatlai  with  full  racireulatioa.  Tha  ratio  of  tha  alopaa  iadicatas  96ft  of  tha  alactroas  baiag  coilactad. 
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Flyura  2.  FEL  Mcixcnlaeioa  tasc.  July  19.  19S3. 

Tha  sacoad  sad  third  photographa  show  tha  baam  Impiagiag  oa  fluoraseaat  scraaas  just  prior  to  tha  first 
90  dagraa  baad  sad  aitar  baiag  tnraad  areuad  through  180  dagraas  rsspactlvaly.  A  qu^rupola  upstream 
restoraa  circular  symaaatry  to  tha  baam  bafora  iajaetiaa  iato  tha  dacalarator  tuba. 

Tha  fourth  photograph  shows  tha  alactroa  baiua  curraat  coilactad  ia  a  Taraday  cop  at  tha  bottom  of  tha 
axparimaot.  Tha  1. 1  amp.  4  microsaccad  pulsa.  with  raasoitably  fast  risa  sad  fsdl  tlmas.  is  typical  of  tha 
baam  usad  duriag  raeireolatioe. 

Tabla  2  shows  tha  alactroa  baam  paramatars  achfarad  duriag  tha  exparimaats.  Fairly  eonaistant  aad 
atabla  96*»  racireulatioa  lavals  ware  obaarvad  but  that  is  aot  a  limit.  A  faw  pulsas  axeaadad  99']  but  wara 
uastabia  aad  uarapaatabla .  Wa  faai  that  caraful  aliqnaiaat,  additiooai  shiaidiag  of  stray  AC  magnatic 
fialds.  aad  mora  caraful  tuaiag  of  tha  apparatus  would  allow  coosistant  of'i  figuras. 


T^la  2.  rSL  Elactroa  B«am  Racircnlatioa  Taat  RaaoUa 


Baam  raeireoiatioa 

96f. 

Baam  energy 

2.5  M£V 

Baam  current 

1.2  amp 

Pulaa  length  w/reeire. 

40  fia 

wo/raeirc. 

4  US 

Period 

.5  s 

ehargiag  eorraat 

(limited  by  Corona  trioda) 

130  US 

Baam  amittanra* 

<2r  MM-MR 

Normalized 

<12r  MM-MR 

*  MMauramant  parfonsad  by  Farmilab-UVTM- 
Harvard  groop. 


2.3  laagavolta  waa  tfaa  highaat  carsaiaal  potantial  iiaad  bacauaa  of  daiaaga  anatainad  by  tarmiaai  alae- 
iroaica  ahaaavar  high  voitaga  arciag  oceurrad*  Futara  improvamaata  ia  ihiaidiag  aa  «all  aa  a  largar 
diamatar  task  at  Santa  Barbara  will  panait  oparatlon  at  higfaar  petastiai. 

Tha  iacraaaa  ia  pulaa  Uagth  from  4  to  40  aieroaacoBda  with  racireulatlon  damoaatrataa  cha  importaaca 
of  racizeolatlon  la  achiaaiaf  high  doty  eyela  oparatioa.  Tha  rapid  discharga  of  tha  tartslaai  aad  goa  high 
ToUaga  powar  loppiy  by  tha  high  eorraat  baam  Uznitad  palaa  doratloa  to  4  mieroaaeaada  ia  tha  abaaaea  of 
racireoiatioB. 

Tha  .5  taeood  pariod  aad  130  mteroamp  ehargiag  earraat  wara  Uaaitad  by  tha  corona  trioda  ehamctar- 
Utlca .  Tha  corona  trioda  U  a  fiaid  amlaaioa  daalca  oaad  to  rag olata  tartniiiai  pofanrial.  Ita  vary  non* 
liaaar  charactariatiea  parmittad  tha  ragniatioa  of  only  130  adcroaapa  at  tha  2.5  MV  petaatial.  Oparatian 
at  3.0  MV  wonld  allow  highar  eorraat  aad  ahortar  poUa  rapatitiOB  pariod. 

Aftar  compiatioa  of  tfaa  raeireoiatioa  taata.  tha  aapartmanta I  apparacoa  waa  tamad  owar  to  a  groop  from 
Faraiilab-UBiroraity  of  WlaeaaaiB>Har*mrd  baadad  by  Frad  MUla.  Oava  CUaa.  and  Carlo  Robia  to  parferm 
aa  amittaiica  maaaoraiaaac.'*  Thair  iataraat  ia  thla  racirenUtiaa  aebama  atama  from  tha  aaad  for  a  low 
amittaaea  high  currant  baam  for  alactroa  baam  cooliag  of  pretoaa  ia  forara  high  aaargy  tteraga  riaga. 

Thair  axparisiaat  eoaaiatad  of  a  profilomatar  maaaoramant  of  tha  baam  aaralopa  at  thrao  poiata  juat  bayoad 
tha  flrat  90  dagraa  band,  tha  firat  point  baiag  a  baam  waiat.  Baam  amittaaea  aad  apaea  charga  affacta  eaa 
than  ba  oafoldad  by  aaalyaiag  tha  baam  aaralopa  growth.  Thair  aormalisad  amittaaea  maaaoramaat  of  Uaa 
than  l2r.MM*MR  iadieataa  aa  amittaaea  approaching  tha  tharmally  Umitad  valoa  for  a  thannicnie  cacheda 
givaa  by^ 


t 


a 


r  *  7.6  MM 


«  6.ar  MM-MR 


Thia  erpraiiioa  ia  for  a  Gaoaaiaa  eorraat  diatrlbmiaB.  Tha  flat>cop  currant  diatrihotioa  of  oor  gala  should 
raault  la  a  largar  aoamar  for  tharstally  limitad  aaiittaaca. 

It  ia  worth  notiag  that  tha  Lawaon-Panaar  eoadittoa^  ealla  for 

■  .3  v'^r  CM'R  ,  1  ia  kiloampa 

*  .  0099  ff  CM-R  «  99  y  MM-MR  for  1  amp 

Thia  la  almost  aa  ordar  of  laagaituda  larger  tfaaa  maasorad.  This  is  aot  to  suggest  that  tha  Lawaoa-Peaaar 
condition  ia  wrong.  It  la  aa  ampirlcal  ralatioBsfaip  derived  from  aidatlag  acealarators  not  aacassarily 
optimized  for  low  amittaaea  aad  la  still  useful  for  aaalyaiag  those  typos  of  alactroa  soureas. 


Concluaiop 


Our  coaclasioBa  from  those  axparimaata  are  that: 

1.  An  alactroa  source  approaching  thaoratical  tharmally  limitad  amittaaea  caa  ba  built. 

2.  A  high  currant  beam  Can  ba  recirculated  through  tha  tarmiaal  of  a  Van  Oagraph  type  accslarator. 

3.  Tha  alactroa  beam  raquiramaata  for  a  high  aifieiaacy  high  powar  tunable  free  electron  User  can  ba 
mac  with  curreatly  available  cachaology. 


